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Abstract 
Dye-sensitized solar cell (DSSC) showing relatively high conversion efficiency can be prepared using a simple screen 
printing method. While most manufactures prepared the DSSC working electrode using ethyl cellulose (EC) based 
coating pastes, alkyd resin (AR) based coating pastes are used in this work. Since AR is a polyester modified by the 
addition of fatty acids and other components, AR based paste is expected to show better contact with the 
poly(ethylene terephthalate) (PET) flexible substrates. The DSSC working electrode film was screen printed on a 
FTO glass using a stencil screen or a stainless steel cloth screen with an EC based commercial P200 paste or an AR 
based paste. An EC based paste shows a porous film structure and an AR based paste shows a uniform dense film and 
a good printing characteristic, which is ideal for multi-layer printing. According to the results of photovoltaic 
performances of the corresponding DSSC, DSSC with AR based pastes were found to be compatible with the 
performance of the reference DSSC with commercially EC based P200 pastes. 
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1. Introduction 
High efficiency dye-sensitized solar cells (DSSC) initially introduced by Grätzel’s group in 1991 are 
promising third-generation solar cells [1]. DSSC shows a sandwich structure with a dye-adsorbed porous 
semiconductor working electrode, a catalytic counter electrode and an electrolyte between two electrodes. 
A recent study indicated that DSSC cell can show conversion efficiency higher than 12.0% [2]. One of the 
most reliable and fast DSSC working electrode preparation methods is using screen printing. A 
homogeneous coating paste containing semiconductor nanopowders (usually TiO2), solvents and resins is 
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screen printed on the pre-cleaned transparent-conductive-oxide (TCO) deposited substrate. The wet film is 
then dried, sintered and formed a nanoporous working electrode. Although several commercialized DSSC 
working electrode coating pastes are available, most of these pastes use ethyl cellulose (EC) as the 
binding resin. Since the rapid, low-cost, roll-to-roll DSSC manufacture requires flexible poly(ethylene 
terephthalate) (PET) based substrates as the working electrode [3], other resins are needed to ensure good 
contact between nanoporous TiO2 film and PET based flexible substrates. Alkyd resins (AR) are 
polyesters modified by the addition of fatty acids and other components and are good candidates for 
binding nanoporous TiO2 film and PET based flexible substrates [4]. In this study, AR based pastes are 
used for screen printing working electrode preparation. The photovoltaic performance of the 
corresponding DSSC is evaluated and is compared to DSSC with the working electrode prepared using 
EC based coating pastes. 
 
2. Materials and Method 
AR resin diluted with 16.6% petroleum ether is provided by Dainippon supplier. Different AR mass 
fractions in the coating pastes are tested and the compositions of the prepared coating pastes are shown in 
Table 1. Alpha-terpineol is from Showa (99.5%) and titanium(IV)-isoproxide is from Aldrich (97%). Two 
commercially available TiO2 powders, P25 (~21 nm, Degussa) and P90 (~14 nm, Degussa), were used as 
the semiconductor. The chemicals in Table 1 were homogenized in a 200 rpm planetary ball mill (PM-100, 
Retsch) for 1 hr. The viscosity of the coating paste increases with the increasing of the TiO2 powder mass 
fraction. 
Table 1. The compositions of the coating paste 
paste name 
chemicals P25_1 P25_2 P25_3 P90_1 P90_2 P90_3 
TiO2 (g) 10 12 15 8 10 12 
diluted AR (g) 14 9 8 12.5 9 6 
alpha-terpineol (g) 24 29 30 25.5 29 32 
titanium(IV)-isoproxide (g) 2 2 2 2 2 2 
viscosity (cps) 26,000 104,000 115,000 27,000 140,000 175,000 
 
The as-prepared paste was coated on a pre-cleaned FTO conducting glass (10 ȍ-cm) by screen printing. 
A 70o rubber squeegee with the printing speed of 11 mm s-1 was used. #200 stainless steel cloth screen 
and stencil screen were used for the paste screen printing process. The thickness of stencil screen was 0.06 
mm. The size of the opening area was 1 cm x 1 cm. The printed wet film was dried and sintered in a 
500°C oven for 1hr. The nanoporous TiO2 film was thereafter obtained. The nanoporous TiO2 film 
prepared using an EC based commercially available coating paste (P200, Everlight Chemical Industrial 
Corp., Taiwan) was used as the reference film. The corresponding DSSCs were assembled using the as-
prepared films using the same chemicals and the reference 24 hr bath immersing method used in our 
previous studies [5-6]. 
The photovoltaic performances of the assembled DSSCs were evaluated. The photocurrent-voltage 
curve of the cell was carried out using a 180 W xenon lamp of the intensity of 100 mW cm-2 under one 
sun condition (AM 1.5 radiation) in a solar simulator (YSS-50AAA, Yu-Yi, Taiwan). The morphology of 
the film was investigated using FE-SEM (S-5000N, Hitachi) and the film thickness was measured by Į-
step (ET-3000, Kosaka). 
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3. Results and Discussion 
The plan view and cross-sectional view of SEM images of selected films prepared by #200 stainless 
steel cloth screen are shown in Fig 1. Since the powder concentration in the paste increases from PXX_1 
to PXX_3, the film thickness increases when the paste powder concentration increases. Figs 1(b) and 1(e) 
are 2-layer structures since the paste powder concentration is the lowest and a multi-layer structure is 
required to achieve the desired film thickness. It is interesting to note that the interface between the two 
layers in Fig 1(e) is not observed, which implies the good printing characteristic of the AR based coating 
paste. Fig 1 indicate that the AR based film is uniform and has a dense structure. 
 
                    
 
         
Fig 1 The SEM micrographs of (a) P25_3 (1-layer plan view), (b) P90_1 (2-layer plan view), (c) P200 (2-layer plan view), (d) 
P25_3 (1-layer cross-sectional view), (e) P90_1 (2-layer cross-sectional view), and (f) P200 (2-layer cross-sectional view). 
 
The comparisons of the photovoltaic performancesof the cells with films prepared using #200 stainless 
steel cloth screen and stencil screen are shown in Table 2 and Table 3, respectively. While the desired film 
thickness was achieved through 2-layer printing in Table 2, the films listed in Table 3 are 1-layer films. 
Although the photocurrent is higher for DSSC with P200 film in Table 2, the conversion efficiency of 
DSSC with P200 film is no higher than DSSCs with AR based films. This is due to the interface between 
the two layers show higher resistance when using P200 paste in Fig 1(f). AR based pastes show better 
printing characteristics as the case shown in Fig 1(e). 
Table 2. The photovoltaic performance of DSSC with films prepared by stainless steel cloth screen (2-layer, thickness = 10.4±0.2ȝm) 
Paste used Voc (mV) Jsc (mA/cm2) FF (-) Ș (%) 
P25_1 859 4.19 0.62 2.3 
P25_2 850 4.38 0.61 2.2 
P25_3 860 4.41 0.60 2.4 
P90_1 851 3.97 0.60 2.0 
P90_2 847 4.76 0.65 2.6 
P90_3 869 4.09 0.64 2.3 
P200 866 5.09 0.58 2.5 
(a) (b) (c) 
(d)  (e) (f) 
interface 
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Table 3. The photovoltaic performance of DSSC with films prepared by stencil screen (1-layer, thickness = 15.3±0.2ȝm). 
Paste used Voc (mV) Jsc (mA/cm2) FF (-) Ș (%) 
P25_1 854 5.73 0.58 2.9 
P25_2 833 6.30 0.53 2.8 
P25_3 840 7.51 0.54 3.4 
P90_1 842 6.75 0.56 3.2 
P90_2 838 6.81 0.55 3.2 
P90_3 824 8.59 0.49 3.4 
P200 841 7.16 0.59 3.5 
 
Comparing to P25 powder, P90 powders are smaller and richer in anatase TiO2 and thus P90_X films 
absorb more dyes and shows higher photocurrents than P25_X films in Table 3. Also, the photocurrent 
increases with the increasing of the paste powder concentration. Although P200 contains almost anatase 
TiO2 powders and it is difficult to compare the photocurrents between cells with films with different 
anatase TiO2 powder fractions, the cells with AR based P90_X films were found to be compatible with the 
performance of the reference cell with EC based P200 film. 
4. Conclusion 
While most manufactures prepared the DSSC nanoporous TiO2 working electrode using EC based coating 
paste, an AR based coating paste is used in this work. AR based pastes show good printing characteristics 
and are ideal for multi-layer printing. According to the results of photovoltaic performances of the 
corresponding DSSC, the AR based P90_X pastes were found to be compatible with the performance of 
the reference EC based commercial P200 paste and are applicable to roll-to-roll DSSC fabrication process 
using PET based substrates. 
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